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Abstract 
The specific local alignment of the magnetization of a reference layer in spin valves has a rapidly 
growing significance in the implementation of monolithically integrated sensor devices. The spatial 
sensitivity of such sensors is defined by the exchange bias effect arising in strongly coupled 
ferromagnetic (FM) and antiferromagnetic (AFM) heterostructures. The (re-)setting of the orientation 
of the exchange bias direction can be achieved through local annealing by means of a focused laser beam 
and subsequent cooling in the presence of a magnetic field. The parameters of such a laser exposure will 
have a significant influence to the FM/AFM system as well as the remaining layers, playing therefore 
an important role on the sensing characteristics. In order to analyse this effect, bottom-pinned IrMn / 
CoFe / Cu / CoFe/ NiFe spin valves are patterned into a meander shape and further annealed using a 
focused pulsed laser beam. Different processing peak intensities are tested. The analysis of the 
magnetotransport properties after this exposure shows how strongly the electrical conductivity is 
affected for higher intensities, as well as the effect of the laser peak intensity on the magnetic coupling 
between the ferromagnetic electrodes. These changes are discussed as a result of the structural 
modifications induced by the laser exposure on the spin valve structures. 
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1 Introduction 
The application of the exchange bias (EB) effect on spintronic systems has gained increasingly 
significance in the past few years. In particular, the utilisation of EB has played an important role in the 
development of magnetic data storage [1, 2] and sensor technologies [3-5], being nowadays well-
established in these fields. In such applications the EB effect, appearing in strongly coupled 
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ferromagnetic (FM) / antiferromagnetic (AFM) thin film systems, where a uniaxial magnetic anisotropy 
below the antiferromagnetic Néel temperature can be found [6, 7], is typically utilized to pin the 
magnetization of the so-called reference layer. The realization of EB in such system is therefore 
commonly achieved by thermal processes, namely by annealing over the blocking temperature and 
subsequent cooling in the presence of a magnetic field. 
This kind of spintronic structures, so-called spin valves (SV), based on a reference layer revealing a 
predefined magnetization direction due to the EB effect and an exchange decoupled sensing layer whose 
magnetization is free to rotate according to an applied magnetic field, was first introduced in 1991 by 
Dieny et al. [8]. In comparison to the previously used antiferromagnetically coupled systems making 
use of the giant magnetoresistance (GMR) effect, the field sensitivity could distinctly be improved 
because the reversal of the sensing layer can occur at much lower magnetic fields. A magnetoresistance 
measurement of such a SV is shown in Figure 1 (a), where the increase of the electrical resistance at 
around zero field reflects the free layer reversal, whereas the change at higher magnetic fields (~ -
500 Oe) originates from the magnetization reversal of the pinned layer with large hysteresis. This field 
shift of the pinned/reference layer (EB field) arises from the exchange anisotropy created at the interface 
between the AFM and the FM, due to uncompensated spins of the AFM at the interface to the FM [11].  
However, it is well known that the strength of EB field induced by the AFM depends on its 
microstructure, degree of ordering and the interfacial mixing across the AFM/FM interface [12-15], the 
latter representing a recurrent issue found on conventional heat treatments used for setting the EB. Thus, 
pulsed laser irradiation provides an interesting alternative due to the extremely fast heating and cooling 
rates, allowing to apply high temperatures, but still minimizing the interfacial mixing effects which 
deteriorate the EB strength [16]. This allows, moreover, to locally define the direction of the EB field, 
allowing to have a monolithically integrated spatial resolution just limited by the laser beam dimensions, 
which is especially interesting for sensor applications [17, 18].  
 
 
Figure 1. (a) R-H loop of Si / SiO2 (100 nm) / Ta (5 nm) / Ni81Fe19 (2 nm) / Ir23Mn77 (5 nm) / Co90Fe10 (2.1 nm) 
/ Cu (2 nm) / Co90Fe10 (1 nm) / Ni81Fe19 (2 nm) / Ru (0.4 nm) / Cu (0.5 nm) / Ta (30 nm) exposed to a laser peak 
intensity of 687 kW·cm-2. (b) Schematic of a laser-based exchange bias (re-)setting. The local annealing and 
subsequent cooling in the presence of an applied magnetic field allows alocal realignment of the exchange bias 
direction. 
 
In this work, the changes of the laser based EB setting to the magnetotransport properties are 
analysed in detail, namely the coercivity (Hc), the offset field (Hoff) and the switching field distribution 
of the free layer. For sensing applications these are especially relevant, as the magnetic properties of the 
free layer play a decisive role on the performance of the magnetic field sensor.  
(a) (b) 
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2 Materials and Methods 
2.1 Deposition and meander patterning 
Spin valve multilayers with the layer stack: of Si / SiO2 (100 nm) / Ta (5 nm) / Ni81Fe19 (2 nm) / 
Ir23Mn77 (5 nm) / Co90Fe10 (2.1 nm) / Cu (2 nm) / Co90Fe10 (1 nm) / Ni81Fe19 (2 nm) / Ru (0.4 nm) / Cu 
(0.5 nm) / Ta (30 nm) were deposited by DC magnetron sputtering at room temperature while a magnetic 
field was applied in-plane to initially predefine the magnetization of the pinned layer.  
The meander elements are patterned by photolithography and dry etching with SF6 plasma and 
subsequently with Ar plasma. The top Ta layer is used as a hard mask during the Ar-etching step, being 
in this process thinned to ~ 10 nm. The analysed meanders were chosen to have width and length of the 
single stripes of 4 µm and 50 µm, respectively, based on a previous geometry optimization work [18]. 
The structures have a total length of approximately 1 mm and a typical electrical resistivity of 
approximately 10 Ωm. The patterned elements are thereafter passivated with SiO2 and additionally, for 
electrical contacting, Cu bond pads and connections paths are added to measure the GMR in current in-
plane (CIP) geometry. 
2.2 Magnetic alignment 
In order to achieve the selective realignment of the magnetization direction of the exchange biased 
ferromagnetic layer, the prepared meander structures were annealed by a fast scanned, focused laser 
beam in the presence of an external magnetic field, cf. Figure 1 (b). For this selective laser annealing, 
an infrared q-switched laser with a wavelength of 1064 nm, 13.8 µm focal radius and a pulse duration 
of 160 ns was used, where the peak intensity was varied for different samples. In the present series, peak 
intensities between 193 kW·cm-2and 2404 kW·cm-2 were studied. Further details on the setup can be 
found in [17]. Since an optimal linear response was previously found for a configuration where the 
pinning direction is set perpendicular to the meander stripes [18], the magnetic field during the laser 
annealing procedure was therefore applied in the latter configuration.  
Magnetic and electrical transport measurements are done using a customized setup based on the 
commercial system NanoMOKE 2 (Durham Magneto Optics Ltd.). It combines electrical and magneto-
optical Kerr effect (MOKE) measurements allowing a detailed characterisation of the magnetic 
properties of individual meanders as function of the laser exposure parameters. The homogenous 
magnetic field is provided by a dipolar electromagnet with a maximum flux density of 0.5 T, which was 
applied in the plane of the sensor, being aligned perpendicularly to the meander stripes and thus, in 
parallel to the intended EB direction. 
3 Results 
The CIP-GMR ratio measured at room temperature for samples exposed with different laser peak 
intensities, as well as for as-deposited samples is shown in Figure 2 (a). The GMR observed for the 
samples before the exposure suggests that the deposition in the presence of a magnetic field of the FM 
layer on the surface of the AFM alone can generate an EB. As depicted Figure 2 (b) (in red), an external 
field applied perpendicular to the meander stripes provides a response corresponding to the hard axis of 
the pinned layer hard, whereas the step around zero reflects the reversal of the free soft layer, which 
indicates ultimately that the EB is initially aligned parallel to the meander stripes. In fact for intensities 
below 407 kW·cm-2, the energy provided by the laser exposure will be insufficient to induce a fully 
specific alignment in accordance to the applied magnetic field of the pinned layer, indicating that the 
blocking temperature of the AFM is not achieved below this level.  
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Figure 2. (a) Influence of laser intensity during resetting of the EB direction on the GMR. (b) GMR transfer 
curve for a sample as deposited and samples exposed at different laser intensities. 
The full alignment of the EB along the applied magnetic field was previously found to occur at laser 
peak intensities above 400 kW·cm-2 [17], which is consistent with the present results. Provided a full 
realignment of the EB, the GMR will be maximum for laser intensities ranging from 600 kW·cm-2 to 
700 kW·cm-2. This is further supported by a decrease in the pinned layer coercivity, as shown in Figure 
2 (b), which indicates an improvement on the FM/AFM interface found at 610 kW·cm-2 when 
comparing with a 407 kW·cm-2 exposed sample. An increase in GMR may also indicate a possible 
improvement of the CoFe/Cu interfaces, which ultimately determines the spin-dependant scattering 
which defines the GMR, or even curing of possible defects induced by the dry etching steps used for 
patterning the meander structures. 
For higher laser intensities the GMR decreases, reflecting a degradation of the layers either due to 
interlayer mixing/alloying or crystallisation. This is furthermore supported by an increase in the 
electrical resistance for peak intensities above 750 kW·cm-2, becoming even more significant above 
1500 kW·cm-2, c.f. Figure 3 (a). This increase in electrical resistance suggests that the physical and 
chemical properties of the thin layers are substantially altered due to the laser exposure, leading 
ultimately to a complete deterioration of the magnetotransport properties of the system, including a 
complete loss of the magnetoresistance for a laser intensity of 2404 kW·cm-2, as can be seen in Figure 
2 (b). In particular, since the CoFe/Cu interfaces play such a determinant role on the GMR, it is likely 
that above 1500 kW·cm-2 these interfaces are significantly damaged 
In terms of the magnetotransport properties, a drastic change on the free layer behaviour can be 
observed, namely regarding the switching field and coercivity. Whilst below 1700 kW·cm-2 the free 
layer magnetization is found to reverse in a range between -5 Oe and 35 Oe, above this level of exposure 
 
Figure 3. (a) Influence of laser intensity on the electrical resistance (low and high resistance states) and (b) on 
the pinned layer coercivity. 
(a) (b) 
(b) (a) 
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the switching field distribution will be much larger, with full saturation at above 1000 Oe accompanied 
by a decrease in the coercivity. In addition to this the field shift of the free layer (Hoff) due to dipolar 
interactions/exchange coupling of free and pinned layer is also subject to some changes with an 
increasing laser peak intensity, c.f. Figure 4. This shift of the free layer loop relative to zero field reflects 
interlayer coupling field effects, such as orange peel coupling or RKKY interlayer interaction between 
the bottom (pinned) and top (free) layer. At intensities around 1500 kW·cm-2, a sudden change in the 
Hoff from positive to negative field values reflect a change in the interlayer coupling from slightly 
antiferromagnetic to ferromagnetic.   
Also the pinned layer behaviour will suffer some changes. Even when the EB field strength is not 
significantly changed for intensities below 2000 kW·cm-2, the pinned layer coercivity will decrease at 
exposures above 1500 kW·cm-2, as shown in Figure 3 (b), whereas no significant change is observed 
on the EB field. To some extent, this may reflect an improvement to the AFM/FM interface, indicating 
a certain temperature stability in opposition to the remainder layers where at these intensities significant 
degradation of the magnetotransport properties were assessed.   
4 Conclusions 
In this work, the realignment of the EB on bottom-pinned Si / SiO2 (100 nm) / Ta (5 nm) / Ni81Fe19 
(2 nm) / Ir23Mn77 (5 nm) / Co90Fe10 (2.1 nm) / Cu (2 nm) / Co90Fe10 (1 nm) / Ni81Fe19 (2 nm) / Ru (0.4 
nm) / Cu (0.5 nm) / Ta (30 nm) SVs based on the local laser exposure and subsequent cooling in the 
presence of a magnetic field was studied. The influence of the laser parameters, in particular the laser 
peak intensity, on the sensor final response was analysed with regard to the free layer reversal and EB 
deterioration, which is decisive on the devices sensing performance. Apart from the EB setting, the laser 
exposure will also influence the morphology and magnetic properties of the thin films. In fact a laser 
intensity of approximately 400 kW·cm-2´was found to be sufficient for (re-)setting the EB, whereas a 
maximum GMR was found for peak intensity of 610 kW·cm-2, reflecting the complete setting of the EB 
along the reference direction and a possible improvement of the layers interfaces and defects. For higher 
intensities a degradation of the films magnetic response and a significant increase in total resistance is 
observed and complete suppression of a magnetoresistive response was found for intensities above 
2000 kW·cm-2. This may play a significant role when adapting this procedure to different stacks, namely 
where a greater thickness or other materials with higher blocking temperature may require higher laser 
peak intensities to achieve a full EB setting. 
 
Figure 4. Free layer offset field dependency on the laser exposure intensity. 
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